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Abstract
We investigate the eect of Z
2
magnetic monopoles on the nite tempera-
ture deconnement phase transition in the fundamental-adjoint SU(2) lattice
gauge theory. In the limit of complete suppression of these monopoles, the
mixed action for the SU(2) theory in its Villain form is shown to be self-dual
under the exchange of the fundamental and adjoint couplings. The self-duality
and our Monte Carlo simulations on lattices with temporal extensions of 4
and 6 establish straight line trajectories of second order deconnement phase
transition in the entire plane of the fundamental and adjoint couplings. This
suggests that the apparent change in the order of the deconnement transi-
tion as well as the existence of the tricritical point in the extended coupling
plane, found earlier by both Monte Carlo simulations and strong coupling ex-
pansion, are due to the inuence of Z
2
magnetic monopoles. The universality
of the SU(2) deconnement phase transition with the Ising model is therefore
expected to remain intact in the continuum limit. The self-duality arguments









Connement of the non-abelian color degrees of freedom has been one of the out-
standing problems in physics. The mechanism of color connement in gauge theo-
ries is widely believed to be the condensation of magnetic monopoles
3
. This non-
perturbative phenomenon can be better understood by quantizing the gauge theories
on lattice. Although, this quantization procedure is not unique, dierent ways of
dening the gauge theories on lattice are expected to lead to the same physics when
the continuum limit of vanishing lattice spacing is taken. In the strong coupling re-
gion, however, where the coupling constant and lattice spacing is relatively large, it
is expected that lattice artifacts will usually change the physics. Often such changes
are purely quantitative in nature: the string tension or the hadron spectra exist in
the strong coupling expansion but their dependence on the coupling changes as one
goes to the asymptotic scaling region. By incorporating higher order corrections in
the coupling constant, one can hope for a larger scaling region where the quantita-
tive dierences due to artifacts smoothly disappear with decreasing lattice spacing.
However, the lattice artifacts can aect physics even qualitatively and can lead to
various paradoxes if not properly understood. The simplest known and well under-
stood example is compact lattice quantum electrodynamics (CLQED). The CLQED
has magnetic monopoles which arise due to the compact nature of the U(1) gauge
elds. In the strong coupling region their condensation gives rise to a conning phase
where electric charges feel a linear potential: V(r) = constant r. This is well known
as the dual Meissner eect. The theory undergoes a rst order phase transition at
intermediate value of electric charges. Beyond this transition, the compact nature
of the gauge elds becomes redundant, making magnetic monopoles as irrelevant
degrees of freedom and the standard Coulomb potential, V(r) = constant  r
 2
, is
recovered. Thus physical laws with a large lattice spacing can be drastically dier-
ent in nature than in the continuum limit. To the best of our knowledge, no such
example exists in non-abelian lattice gauge theories. We will discuss below a similar
phenomenon in SU(2) lattice gauge theory which is due to Z
2
magnetic monopoles.
In non-abelian lattice gauge theories, many quantitative tests of the univer-
sality of the continuum limit have been carried out in the past. In particular, the
fundamental-adjoint SU(2) action[3] has been extensively studied [2, 4, 5, 6] in this
context due to its rich phase structure, shown in Fig. 1 by solid lines of bulk phase





) lattices with periodic boundary conditions [3]. Since lattices of
small temporal sizes, N

, with temporal periodic boundary conditions imply signif-
icant nite temperature eects, we argued[7] that the phase diagram in Fig. 1 with
only bulk boundaries was incomplete: it must have lines of deconnement phase
transition for dierent N

. Subsequently, we located the the deconnement transi-
tion lines[7, 8, 9] in Fig. 1. Along the Wilson axis (
a
= 0:0), the deconnement
transition has been very well studied. Monte Carlo simulations have established
i) a scaling behaviour[10] for the critical coupling, and thus an approach to the
continuum limit, and ii) a clear second order deconnement phase transition with
critical exponents[11] in very good agreement with those of the three dimensional
3
These monopoles, unlike the Z
2
magnetic monopoles in this paper, are obtained via abelian
projections[1].
1
Ising model. These provided an explicit verication of the Svetitsky and Yae[12]
universality conjecture.
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Figure 1: The phase diagram of the mixed SU(2) lattice gauge theory. The solid
lines are from Ref. [3]. The dotted(thick-dashed) lines with hollow(lled) symbols
are the second(rst) order deconnement phase transition lines[7, 8, 9] on N

=2
(circles) and 4 (squares) lattices.
The continuum physics should not depend upon the group representation cho-
sen to describe the dynamical variables. Therefore it is expected that the adjoint
SO(3) coupling (
A
) (see Section 2) will be irrelevant in the continuum limit of the
mixed SU(2)-SO(3) action. From our work[7, 8, 9] on the mixed action at non-zero
temperatures, we, however, found the following surprising results:
a] The transition remained second order in agreement with the Ising model ex-
ponents up to 
A
 1:0 but it became denitely rst order for larger 
A
.
The order parameter for the deconnement phase transition became nonzero
discontinuously at this transition.
b] There was no evidence of a second separate bulk transition.
Similar results were also obtained with a variant Villain form for the SU(2)
mixed action[13] and for the SO(3) lattice gauge theory[14]. These issues were also
investigated[15] in the case of the SU(3) extended lattice gauge theory. These results
2
led to many paradoxes[7, 8]. The most important one amongst them is the change
in the qualitative properties of the deconnement transition. These qualitative
violationsmust be distinguished from the quantitative violations of universality found
earlier in[17]. The latter disappear as the lattice spacing is reduced to zero and higher
order corrections in g
2
u
are included[18, 19, 20]. This will obviously not be the case
for any qualitative disagreements like the one mentioned above for the universality
of the SU(2) deconnement transition with the Ising model. While the change in
the order of the deconnement phase transition was found on lattices with a variety
of dierent temporal sizes, only one transition was found in each case at which the
deconnement order parameter became non-zero. This led to the suspicion that the
bulk line was misidentied and was actually a deconnement line. On the other
hand, the transition at larger 
a
shifted very little, even as the temporal lattice size
was increased up to 16. One expects the deconnement transition to move to larger
couplings as N

becomes larger. A lack of shift was therefore more in tune with it
being a bulk transition. Direct numerical[21] and analytical[22] evidences for the
presence of the bulk transition were also obtained. A possible way out was to blame
the small temporal extent of the lattices used. Nevertheless, if a universal result
exists in the a ! 0 limit, then the tricritical point T, where the deconnement
phase transition changes its nature from second order (thin dotted lines in Fig. 1)
to rst order (thick dotted lines in Fig. 1), must not be seen in the continuum
limit. Therefore, one expects that the tricritical point will move rapidly towards
the upper right corner ( ! 1; 
a
! 1) of Fig. 1 as the lattice size increases.
In the continuum limit, the deconnement transition will then be second order and
its universality with Ising model will be recovered. However, in [9] we found that
on going from N

= 2 to 4 the tricritical point moved towards lower values of the
adjoint coupling. Studying the shapes of the histogram and invoking Polyakov loop
eective potential arguments[9], we concluded that the tricritical point moved slowly
upwards, if at all, on going from N

= 4! 6! 8 lattices
4
.
In this paper, we take a dierent approach in an attempt to resolve these
paradoxes. While larger temporal lattices could perhaps be used to solve them by
brute force, a physical understanding of the universality of the continuum limit of
the SU(2) lattice gauge theory clearly requires an insight into the origin of the rst
order deconnement transition and the tricritical point. In particular, one needs
to a) identify the degrees of freedom which cause this unexpected change in the
order of the deconnement transition, b) study whether these degrees of freedom
are relevant or irrelevant in the continuum limit. Towards this end, we investigate
the eect of topological Z
2
magnetic monopoles on the deconnement transition
line in the extended (; 
a
) coupling plane. By adding a chemical potential term
for these monopoles, we show that the the onset of the rst order deconnement
transition beyond the tricritical point is due to their dominant presence: no rst
order deconnement phase transition exists in the limit of large chemical potential
which suppresses these monopoles. In the past these Z
2
degrees of freedom have
been studied in the context of bulk transitions in the extended model and cross over
phenomenon along the Wilson axis (
A
= 0) [23, 24, 25, 26] and for the SO(3) gauge
4
Such shifts of the tricritical points rst towards lower values of 
A
on going from N

= 2 to 4
and then towards higher values for N

=6, 8 were also observed in [13] where the Villain form of
(1) was simulated.
3
theory [2]. We propose to use them for the study of deconnement phase transition
and for the entire (; 
a
) plane.
We nd it convenient to use the Villain form of the mixed SU(2) action for our
studies (see Section 2). Using Monte Carlo simulations and analytical methods in
the limit where these topological Z
2
degrees of freedom, which are believed[27] to
be irrelevant in the continuum limit
5
, are completely frozen, we nd:
1. The model is self-dual under the exchange of the fundamental and adjoint
couplings and thus ruling out any odd number of the tricritical points where
the deconnement transition changes its order.
2. Our Monte Carlo simulations on N

= 4 and 6 lattices with =10 yield a self-
dual second order deconnement transition line in the coupling plane, where
 is the chemical potential for the monopoles (see (10) for its denition).
The plan of our paper is as follows: In Section 2, we dene the mixed action
and its Villain form. We also briey introduce Z
2
magnetic monopoles for the sake
of xing our notations. In Section 3, we discuss the self-duality of the model when
Z
2
monopoles are completely suppressed. These self-duality arguments are easily
extended to SU(N), 8N . In Section 4, we present and discuss the data obtained by
Monte Carlo simulations. In Section 5, we discuss our results and their consequences
to SU(N) extended gauge theories where the abrupt behaviour of the observables in
the cross-over region of the Wilson axis is even less understood. We conclude with
a brief summary of the results.
2. THE MODEL AND THE OBSERVABLES
The partition function with the extended form of the Wilson action considered








































(n) denotes the directed product of the
basic link variables which describe the gauge elds, U

(n), around an elementary
plaquette p. F and A denote that the traces are evaluated in fundamental and
adjoint representations respectively. Comparing the naive classical continuum limit














They are distinct from the monopoles dened via abelian projection[1, 28] whose condensation




is the bare coupling constant of the continuum theory. Introducing another
coupling , dened by tan  = 
A











































are the usual rst two universal coecients of the  function for the
SU(2) gauge theory: they do not depend on . The eqns. (2) and (3) show that the
introduction of a non-zero 
A
, leads merely to a dierent g
u
and a correspondingly
dierent value for the scale (). This establishes the universality of the extended
action (1) with the Wilson action (
A
= 0) in perturbation theory.
To study Z
2
magnetic monopoles, it is more suitable to consider the Villain
form of (1). In the Villain form the SU(2) center symmetry of the SO(3) part of the




. Its partition function,
Z
v





























As mentioned earlier, this form was used in [13] for studies similar to ours. Indeed,
apart from changes in numerical values of the couplings, the results were identical,
leading to essentially the same diagram as in Fig. 1.
The main advantage of the Villain form is that the dynamical excitations cor-
responding to the Z
2
topological degrees of freedom, both magnetic and electric
in nature, become visible[2] in the partition function. In particular, it provides
a better control over them and their contributions to any physical phenomenon.
Furthermore, one can use a heat bath algorithm for the updates of both the link
variables, U






magnetic monopoles and Z
2





as follows. We rst dene the Z
2














) over a cube c (link l) located at a





















Note that we are using the same symbol  for the Z
2
auxiliary eld (eqn. (5), electric, magnetic
Z
2
currents (7). They are distinguished by the subscripts p, c and l respectively.
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In (7) @ and
~









































(n)), where the magnetic
current M

(n) is dened on the link  which is dual to the cube [c]. Using (7) and

















(n) is the lattice dierence operator in the 
th
direction. It is clear from
(7) that the Z
2
magnetic and electric charge denitions are dual to each other and
the partition function (5) is trivially self-dual under their exchange.
In order to control the eects of these Z
2
magnetic monopoles we add a term










































describes the Villain form of the mixed partition function with all Z
2
magnetic monopoles suppressed. Further, the formal continuum limit is left un-
changed by the addition of  term in (10). In the following, we will consider the



















(~n; ) is the time-like link at the lattice site (~n; ), N

is the number of lattice
sites in the temporal direction with periodic boundary conditions. Due to periodic
boundary condition in the time-like direction at nite temperature the actions of
(5) and (10) have a Z
2


















(n) 8 n: (12)
7
Because of the trivial self-duality of (5) between electric and magnetic charges, the same results
will be obtained if Z
2




symmetry transformations (12), the Polyakov loop changes by
L! zL : (13)
Therefore, a non-vanishing expectation value of the Polyakov loop signals the spon-
taneous breaking of the Z
2
global symmetry. This spontaneous symmetry breaking
signals[30] deconnement of static SU(2) color charges. In order to monitor the













In the thermodynamic limit, a second order transition is characterized by the
following critical exponents:












for T ! T
c
(16)




for T ! T
c
: (17)
Here  is the Polyakov loop correlation length. Assuming the Ising model
universality with the SU(2) deconnement transition,   0:325,   1:24 and
  0:63. Finite size scaling theory[31] is used to extract these exponents. Thus,
the peak of the L-susceptibility on a lattice of spatial extent N











where ! = = = 1:97, for an Ising-like second order phase transition. If the phase
transition were to be of rst order instead, then one expects the exponent ! = 3,
corresponding to the spatial dimensionality[32]. The best determination of these
exponents for the SU(2) lattice gauge theory with 
a
= 0:0 was made by Engels et.
al[11], who found ! = 1:93  0:03, thus verifying the the universality conjecture.
We too found ! to be in agreement with this value for small 
a
but we found[8]
! = 3:25  0:24 for 
A
= 1:4 on N






= 4 lattices. In section 4, we use the nite size scaling techniques to obtain !
using (18) at nonzero 
a
and large .
3. !1 AND SELF DUALITY OF THE EXTENDED ACTION
In this section we discuss self-duality of the model (10) in the limit where Z
2
monopoles are completely suppressed. In this extreme  ! 1 limit the monopole
term corresponds to -function constraints:

[c]
= 1 8c (19)
7
These constraints are the Bianchi identities in the absence of magnetic charges



































































































Exploiting the SU(2) group invariance of the Haar measure and the Z
2
nature










































Thus we see that (21) and (25) have exactly the same form
8
with  $ 
a
.
Therefore, in the absence of Z
2
magnetic monopoles the physics of the extended
model is self-dual under the exchange of the fundamental and adjoint couplings. In
particular the line of deconnement transition should also be self-dual.
8
If we had completely suppressed the Z
2
electric charges instead, the result would be same as
(25) with the Z
2
vector potential eld 

(n) having the dual interpretation.
8
Due to the SU(2) part of the action in (10), excitations of Z
2
magnetic monopoles
cost energy proportional to the length of their world line trajectory. In the context
of pure SU(2) lattice gauge theory it has been shown[27] that the probability for the
Z
2

















are constants. This implies
that in the continuum limit the Z
2
monopoles will be extremely rare. Therefore, we
expect that the continuum physics will remain unaltered by the !1 limit.
In this limit of total suppression of Z
2
monopoles, any odd number of tricritical
points, at which the deconnement transition changes from second to rst order,
are ruled out by self-duality. One can, of course, have even number of them and
Monte Carlo simulations are needed to decide whether they indeed are present.
Noting, on the other hand, that i) the line  = 
a
is invariant under the self-
duality transformation, bisecting the positive quadrant, and ii) the results of Ref.
[13, 7, 8, 9] yielded just one tricritical point in the positive quadrant of the (; 
a
)
plane, it is clear that suppression of Z
2
monopoles will alter the phase diagram in
the (; 
a
) plane. We investigate it numerically in the next section. Note that the
self-duality arguments of this section also go through for the SU(N) (8N) extended







group, i.e., are exp(
2im
N
; m = 0; 1; 2:::::::N   1). 
c
is clearly then complex
and the action in (10) will have to be modied by including its real part there.
However, rest of the arguments are exactly the same as for the SU(2) case. Again,
in the limit of total suppression of Z
N
monopoles, the physics will be self-dual and
in particular, so will be the deconnement transition line.
4. RESULTS OF THE SIMULATIONS
The earlier Monte Carlo simulations[7, 8, 9, 13] on N

=2, 4, 6 and 8 lattices
with (1) and its Villain form (5) established the existence of a tricritical point with-
out any doubt. In fact, discontinuities in physical variables were observed to increase
very rapidly along the line of rst order transitions as the adjoint coupling was in-
creased, hinting at the existence of a single tricritical point in the extended plane.
These qualitative features were also predicted by a leading strong coupling expan-
sion. However, the self-duality in the previous section rules out any odd number of
tricritical points on the deconnement line in the (!1) model which should have
the same continuum physics as (1) since, as discussed in the previous section, the Z
2
monopoles are suppressed in this limit. Further, Monte Carlo simulations of SU(2)
theory with Wilson action[23] and the SO(3) gauge theory[2] with similar suppres-
sion of monopoles in zero temperature studies have shown that the results for large
 are similar to those of usual SU(2) theory. There are interesting bulk transitions
for small  which have been speculated as relevant for understanding the approach
to the continuum limit. In this work, we use the monopole term for the mixed action
9












4 1.98 (1) 1.0 2nd
4 1.572(5) 1.7 2nd
4 1.285(2) 2.2 2nd
4 1.181(2) 2.4 1st
4 1.133(2) 2.5 1st
4 0.919(2) 3.0 1st
4 0.739(2) 3.5 1st
2 1.654(9) 1.0 2nd
2 1.365(6) 1.7 2nd
2 1.166(2) 2.2 2nd
2 1.090(1) 2.4 2nd
2 1.053(1) 2.5 1st
2 0.866(2) 3.0 1st
2 0.691(2) 3.5 1st
whose extreme cases, namely 
a
= 0 and  = 0, correspond to the above mentioned
examples. Furthermore, we wish to investigate it at nite temperature, where we
expect qualitative changes in the phase diagram as argued above.
We simulated the model for  = 10 in order to explore the eects of suppression
of the Z
2
degrees of freedom on the deconnement transition line. Fig. 1 shows some
of our earlier results with the original action (1) on N

=2 and 4 lattices. The rst
(second) order deconnement lines are shown with thick (thin) dotted lines. The
bulk transitions are drawn with continuous line. The exponent ! was found to
clearly distinguish the rst order and the Ising-like second order nature since it was
in narrow ranges around 3. and 2. respectively. Similar results were obtained by
Ref. [13] for the Villain form in (5). Table 1 summarises those results, which we
have veried in some cases ourselves by choosing  = 0:0 in our action (10), as
described below. Note that these results share the following features with Fig. 1
: i) Both N

=2 and 4 results show a tricritical point and ii) the N

=2 tricritical
point is at a higher 
a
. In fact, the second result was obtained rst for the Villain
action in [13] and later by us for the action (1).
The new simulations with (10) were done using heat bath algorithms for up-




. One iteration consisted of a
complete sweep of the link variables followed by a full sweep of the plaquette vari-







= 4, 6 and N

= 8, 10, 12 and 16. The
many dierent values of N

were chosen to study the nite size scaling behavior of
the theory and to compute the critical exponent ! using (18), while the N

values
were chosen to monitor the movement of the line of the deconnement transition






=4 (6) lattices respectively. We rst located the transition point ap-
proximately by making a short run at a guessed value and by looking at the Polyakov
loop susceptibility , given by (14). Standard histogramming technique[33] was used
to extrapolate to nearby  at a given 
a
. Longer runs were then made at the loca-
tion of the peak of  and the process was repeated until the initial run  was close









1.2 1.4 1.6 1.8 2 2.2 2.4
χ L
β
β  = 1.0A β   = 0.5A β   = 0.0A











 4 and 12
3
 4 lattices.
Fig. 2 exhibits the results for L-susceptibility for the N

= 4 lattices at =10
and 
a
= 0:0, 0.5 and 1.0 respectively. At each 
a
, results from 3 dierent spatial
lattice sizes are shown, corresponding to N

=8, 10 and 12. Also shown are points
corresponding to the maximum of  with their errors. These errors were estimated
by the jackknife method. The data were divided in bins of equal sizes which were
varied and the quoted errors correspond to the bin sizes where the estimated error
reached a plateau. One sees that the peak heights are almost constant in 
a
, and thus
naturally lead to similar estimates of !, in accord with the self duality expectations.
Table 2 lists the transition points for N

= 4 for various spatial sizes and 
a
. A least




gives the critical exponent !, quoted
with its estimated error in Table 2. Also listed is the result of our simulation of the
model at 
a
=2.0 and  = 10: One sees that the ! for 
a
= 0:0 is in good agreement
with the Ising model value and the earlier simulations for  = 0, thereby supporting
the notion of the irrelevance of the suppression of Z
2
monopoles in the continuum
limit. There does seem to be a small shift in the location of  due to the suppression
11





4 lattices at which simulations were performed
with  = 10, along with our estimated 
c
and the exponent !. The expected value










0.0 10 2.29 2.306 1.98(09)
12 2.29 2.309
8 1.814 1.809
0.5 10 1.811 1.805 1.82(06)
12 1.811 1.804
8 1.3 1.309
1.0 10 1.3 1.305 1.92(08)
12 1.3 1.304
8 0.305 0.308
2.0 10 0.305 0.307 2.12(10)
12 0.305 0.307
but much more precise simulations on larger lattices will be needed to conrm it. If
conrmed, it may be suggestive of a smoother continuum limit with the suppression
of monopoles. On the other hand, as 
a
is increased, the simulations with  = 10:0
show a drastic shift in the location of the transition point which moves rapidly to
smaller , as seen by comparing the rst three rows of Table 1 with the results in
Table 2. There is, of course, no change in the order of the transition: it continues to
remain Ising-like second order. On the other hand, plotting the transition points in
the (; 
a
) coupling plane, as shown in Fig. 3, one clearly sees by extrapolation that
one may not have any phase transition in the region where previously a rst order
deconnement phase transition was found (see Table 1). The  run values shown
in Fig. 3 for N

= 4 6nd are for N

= 8 and 12 respectively, which have the same
aspect ration of 0.5. One can see from Table 2 that there will hardly be any shifts
if we were to choose the other values of N

.
In order to confront these expectations with numerical simulations, we made
runs from hot and cold starts at 
a





The evolutions of both the Polyakov loop and the plaquette for both  = 0:0 and
 = 10:0 are shown in Figs. 4 and 5 respectively. The data were averaged over bins
of size 20 to make these plots. For  = 0:0, the evolution curves reveal the clear rst
order nature of the deconnement transition. Our simulation value for  is close
enough to the transition point of Ref. [13] to show a really strong rst order phase
transition. When the eect of the Z
2
magnetic monopoles is suppressed, however,
by merely changing  to 10 while letting all other couplings remain the same, the
hot and cold start, for both the plaquette and the Polyakov loop, merge together
within 200 Monte Carlo sweeps and then stay together with very little uctuations.












0 0.25 0.5 0.75 1 1.25 1.5 1.75 2 2.25 2.5
β A
β
Ν τ = 4
Ν τ = 6
extrapolated
Figure 3: The second order deconnement phase transition lines for N

=4 and 6
lattices in the extended coupling plane for =10. These lines have been extrapolated





evolution graphs with hLi  0:6 imply that the deconnement transition had moved
towards a lot lower value of , in agreement with the naive expectations above.
Further simulations at 
a
= 3:0 and  = 0:4; 0:0 gave hLi  0:5 implying a lack
of the deconnement transition at any positive value of . We have checked that
this is not an isolated case by making runs from hot and cold starts at (; 
a
) =
(0.739, 3.5), (1.133, 2.5) and (1.181, 2.4). As seen from Table 1, the simulations
without Z
2
monopole suppression, i.e.,  = 0:0, yield rst order deconnement phase
transitions at all these points but in our simulations with  = 10:0 the hot and cold
starts converge as rapidly as in Figs. 4 and 5 to yield a state of large hLi in each
case. Thus there is no rst order transition in the positive quadrant anymore, in
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(b) COLD STARTHOT START
Figure 4: Polyakov loop evolution at (; 
a
) = (0.91, 3.0) showing the presence
(absence) of the rst order transition at  =0 (=10): a) =0 and b)  =10.
Switching over to a larger lattice in the temporal direction, Fig. 6 shows the
susceptibility plots for N

= 6 with N

=12 and 16 at 
a
= 0.0 and 1.0 respectively.
The values of  where the runs were performed are shown Table 3, along with the
estimated 
c
and !. These values are again in good agreement with the 3-d Ising
model with !=1.97. In both the N

= 4 and 6 cases, the values for ! are very far
from three, the value expected for a rst order phase transition. These simulations
thus give a clear evidence that the tricritical points on N

= 4 and 6 lattices do not






































Figure 5: Same as in Fig. 4 but for the plaquette.





6 lattices at which simulations were performed
for  = 10 along with the estimated 
c
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In Fig. 3 we have also plotted the deconnement transition line for N

= 6
in the extended coupling plane. We have extrapolated both the deconnement
transition lines to =0. They are straight lines parallel to each other. Note that
the extrapolated critical value of 
crit
a
along the adjoint axis is just the critical value
of 
crit
along the Wilson axis. Thus the self-duality of the deconnement transition
in the absence of Z
2
magnetic monopoles is well respected by the simulations at
=10. This strongly suggests that the deconnement boundaries for any N

will be
straight lines making 135
o
angles from the Wilson axis.
5. SUMMARY AND DISCUSSION
Monte Carlo simulations at nite temperature with the mixed action for SU(2),
given by (1), or its Villain form in (5) presented us with many riddles. A physical
deconnement phase transition was apparently coincident with a bulk transition for
a variety of temporal lattice sizes whereas at least the former was expected to shift
around in the coupling plane. The deconnement order parameter clearly acquired
nonzero value in a discontinuous manner at the transition, signalling a rst order
transition and a tricritical point somewhere in the coupling plane. The trajectory of
the tricritical point showed no signs of going away from the expected region of the
continuum limit, as the temporal lattice size was increased up to 8. In this work, we
have shown that all these riddles are solved by suppressing the Z
2
monopoles. We
considered the Villain form with an added chemical potential term for the monopoles,
given in (10), and showed it to have a self-duality in the fundamental and adjoint
couplings in the limit of complete suppression of the monopoles. The self-duality
can permit only an even number of tricritical points. Our Monte Carlo simulations
for  = 10 for N

= 4 and 6 show a lack of any tricritical points. We found the
deconnement phase transition to be always second order with Ising-like exponents.
Moreover, its trajectory in the coupling plane was found to be a straight line, obey-
ing the self-duality constraint, and moving away from the origin at the same rate
everywhere as N

changed from 4 to 6. These results, supplemented by the expected
irrelevance of Z
2
magnetic monopoles in the continuum limit, lead us to believe that
universality of the SU(2) lattice gauge theory with the Ising model should remain
intact, even for an arbitrary value of the adjoint coupling 
a
, as the continuum limit
is approached.
We have not discussed the bulk transitions, i.e, the solid lines in Fig. 1 and the
problems arising due to its overlap with the second order deconnement transition[8].
In the past the origin of the bulk transitions has been claimed to be the Z
2
topo-
logical degrees of freedom. These, besides Z
2
magnetic monopoles also include the
Z
2
electric charges in (7) which are the source of Z
2
vortices [2]. Therefore, it will
be interesting to study the bulk transition in the self-dual model (5) where the Z
2
topological degrees of freedom are frozen. A plausible scenario would be that these
bulk transitions are due to the condensation of the monopoles whose suppression
would then have shifted the bulk transition to deep in the strong coupling region or
suppressed them entirely. The presence of a monopole condensed phase for  = 0,
could also be preventing hLi from becoming nonzero, and thus delaying the decon-




. Work is in progress to examine these issues and will be reported
elsewhere. The end point of the rst order bulk line has been held responsible for
a dip in the non-perturbative -function for SU(N) theories. Indeed, in the case of
SU(N) extended gauge theory the end point of the bulk transition in Fig. 1 is found
to approach and cross the Wilson axis as the value of N increases. It will be inter-
esting to study whether the suppression of Z
N
monopoles and the presence of the
self-duality in that limit is able to provide a smoother approach to the continuum
limit.
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